To develop a new assessment tool, the ICIQ-Cog, to measure the disease-related impact of incontinence in cognitively impaired adults and the effort associated with the care of this population, and to present the initial psychometric properties of this tool and outline the possible clinical implications.
Introduction
There is growing clinical interest in establishing awareness amongst healthcare professionals of the needs of cognitively impaired adults with incontinence as well as an increasing amount of research in this area [1, 2] . Recent research has shown that people with advancing age and cognitive impairment (e.g. dementia) are more likely to develop incontinence than people without cognitive impairment [1, 3, 4] . At least 50% of nursing home residents are affected by incontinence, which is linked with significant morbidity and healthcare resource use [5] . To identify and monitor the specific health needs of people affected by incontinence and cognitive impairment and to improve treatment decisionmaking and resource utilization, valid and reliable subjective measures are needed.
The ICS recommends using subjective measures in addition to clinical variables to assess the impact of incontinence in daily life and the response to therapeutic interventions [6] . Several disease-specific health-related quality of life (QoL) questionnaires have been devised. QoL questionnaires, such as the Incontinence Impact Questionnaire (IIQ, or IIQ-7), the King's Health Questionnaire (KHQ) and the Incontinence Quality of Life questionnaire (I-QOL), are used to assess the impact of incontinence in patients' daily life; however, they have shown poor correlation with symptoms of incontinence [7] . Combined symptom and QoL questionnaires, such as the International Consultation on Incontinence Questionnaire (ICI-Q) or sex-and condition-specific questionnaires developed in the modular system of the ICIQ (http://iciq.net/) provide a short evaluation of symptom severity and perceived bother; however, the ICI-Q was not designed for people with incontinence and cognitive impairment who are unable to complete questionnaires, either by themselves or with assistance. There are some questionnaires that assess caregiver burden, but these were not developed for caregivers of those with incontinence or for those with cognitive impairment [8] .
As a higher proportion of the population survives into very late life, and the prevalence of cognitive impairment and incontinence increases, clinicians and policymakers will benefit from information derived from standardized tools that measure functional health in people affected by urinary incontinence as well as cognitive impairment.
The utility and application of questionnaires is dependent on the development of valid and reliable tools. We used the International Classification of Functioning, Disability and Health (ICF) [9] as the theoretical framework to develop the ICIQ-Cog assessment tool. The ICF has been influential in conceptualizing functional health as interactions of condition/ disease, environment and personal factors affecting body function and structure, activities and participation.
In the present paper, we describe the development and the initial psychometric properties of a new assessment tool, the ICIQ-Cog, which aims to measure: (i) incontinence-related bother by observing corresponding behavioural (emotional, motor, physiological) characteristics of clinical and care-giving relevance (ICIQ-Cog-P) and (ii) the level of the care efforts with respect to the special needs of cognitively impaired nursing home residents with incontinence (ICIQ-Cog-C). To the best of our knowledge there is no tool which includes both an indicator of the burden on the caregiver and observable behavioural indicators of symptoms in this group of people.
Participants and Methods

Development of the ICIQ-Cog Assessment Tool
Phase 1: Interviews and Initial Construction
The ICIQ-Cog scales were initially constructed with input from professional caregivers (structured interviews), as well as from carers of cognitively impaired individuals with incontinence in private homes (unstructured interviews). Based on these interviews 65 items were initially formulated. The content of the questions concerned behaviour and mood, care arrangements and patient responses to these arrangements. An expert group of two urologists selected a pool of questions according to their clinical relevance and created a pilot version of 45 items.
Phase 2: Initial Pilot Test and Revision
A test-retest study was conducted to ascertain the psychometric quality of the first pilot version. The study involved seven nursing homes in and around the city of Aachen, Germany. Fifty-two nurses were asked to evaluate the questionnaire with regard to both length and feasibility in their daily care routine and their understanding and relevance of each item. We analysed the rater responses and used the following criteria for the item selection: (i) an interrater agreement of at least 90% regarding both the comprehensibility and the relevance of an item and (ii) a retest reliability of at least r = 0.50 (retest interval of 1 month). The revisions resulted in a 32-item ICIQ-Cog scale.
Phase 3: 'Blank Sheet of Paper' Session, Final Version A 'blank sheet of paper' session was carried out according to the recommendations of the ICI-Q Advisory Board (June 2011, Bristol). Twelve people participated. The participants had not been involved in the development of the questionnaire, were working in the field of continence care or were caring for a patient or relative with dementia and incontinence. The group was prompted with the question 'What question would you want to be asked to evaluate incontinence and its impact on the affected and the impact on your own work?' All answers were documented according to a taped and written protocol. Verbal responses were compared with the existing scale items, and the items that best corresponded to the aspects derived from the blank sheet of paper session were selected. Each item was then categorized according to the levels of the ICF body functions and structures, activities and participation, and the final version was composed (Table S1 ).
The final version of the ICIQ-Cog-P contains 12 items. The questionnaire is based on a four-point Likert type scale with the response options: rarely; occasionally; frequently; and very frequently, as recommended by the ICIQ Advisory board (June 2011). High scores indicate high levels of diseaserelated bother. The ICIQ-Cog-C contains four items. The four-point Likert scale has the following response options: strongly disagree; somewhat disagree; somewhat agree; and strongly agree. High scores indicate high levels of care effort. These versions were used in the present study to determine the psychometric properties of the ICIQ-Cog assessment tool.
Participants
A test-retest correlational study at baseline and after an interval of 4 weeks was conducted in two nursing homes in Germany. Nurses were asked to complete the ICIQ-Cog-P for residents, from whom consent to participate in the study had been obtained.
Residents were included in the study if they met following criteria: a main diagnosis of incontinence; cognitive impairment; not catheter-dependent; and inability to conduct self-assessments. A structured interview was used to record the core clinical data of the participants (diagnoses, clinical characteristics/severity of incontinence), as well as the main characteristics of the rater (demographics, work experience) to control for rater variability [10] . To screen for cognitive impairment, two instruments were utilized: (i) the MiniMental State Examination (MMSE) [11] ; we implemented a threshold of 27, as it showed an adequate balance between sensitivity and specificity to achieve optimal estimates of diagnostic accuracy, and (ii) the Global Deterioration Scale (GDS) [12] . This is a commonly used severity rating scale for assessing cognitive impairment, with or without subjective complaints. A GDS score of 3 was used as the threshold in the present study. Furthermore, the 12-item short-form health survey (SF-12) [13] and the Aachen Activities and Participation Index (AAPI) [14] were used to gather indicators for the criterion validity of the new ICIQ-Cog assessment tool. The SF-12 is a widely used brief health assessment providing information on mental and physical health status. We expected a higher correlation of the ICIQCog to the mental than to the physical summary score of the SF-12. The AAPI is a Rasch analysis-based instrument measuring activity and participation limitations according to the ICF.
The nurses caring for participating residents filled out the ICIQ-Cog measures as well as the questionnaires and a data sheet that included sociodemographic data. A test administrator held an interview at first with the participant and assessed the cognitive status of the participant, administering the MMSE and GDS. The retest of ICIQ-Cog measures took place after 4-6 weeks. The rater received an expense allowance of 10 EURO.
Ethics approval was obtained from the ethics committee of the University Clinic of Bonn, Germany (EK 182/13).
Statistical Analyses
A combination of classic and modern psychometric approaches to test development was included in the statistical analyses. According to the ICIQ analytical guidelines, descriptive statistical analysis was conducted to assess the frequency distributions of the item responses, internal and test-retest reliability, discriminant and construct validity, exploratory and confirmatory factor analysis. In addition, an item response theory approach that used the Rasch model, computed using the RUMM2030 program [15] , was applied. The following psychometric properties were reported: (i) the consistent use of the Likert scale that corresponds to the evidence that the response categories represent increasing levels of the construct being measured (the correct ordering of the response categories is reflected in successive thresholds [point at which probability of being in adjacent thresholds is equal]); (ii) the central property of item invariance (the hierarchical ordering of the items) does not vary across the trait evidenced by an insignificant overall fit statistic (chisquared statistic); (iii) fit residuals (the differences between the observed and expected data for each person and item) show a perfect fit to the model, if they lie between a mean of 0 and SD AE1 [16] ; (iv) test of unidimensionality based on identifying possible patterns of the residuals measuring an underlying construct (the scale is considered unidimensional if the number of independent t-tests comparing possible patterns in the residuals is <5%) [14] ; (v) the targeting and person separation index (PSI), which is the reliability of the scale. A scale is perfectly targeted when the mean of the persons is the same as the mean of the items on their shared common metric. The PSI represents the extent to which items distinguish between distinct levels of disease-specific bother (where 0.7 is considered adequate [15] ). The validity was explored by calculating the associations of the ICIQ-Cog scales with clinical criteria as well as with the SF-12 and the AAPI. The degree of association was tested using Spearman's correlation coefficient.
Results
Demographics and Clinical Data
The legal representatives of 160 residents were contacted and asked for permission for resident's participation in the study. Their agreement was confirmed in a letter of consent. Overall, 60 representatives agreed that the person concerned could participate.
Proxy ratings were collected for these 60 (50 female and 10 male) residents. Information on participant demographics and clinical data is given in Table 1 . The sample consisted of older adults (median age 88.5 years), with a median length of residence of 39 months. All participants had experienced urinary incontinence for at least 2 years, with a median frequency of two nocturnal episodes at time point 1, and required incontinence products. Half of the participants had nine or more comorbidities. At both measurement time points double incontinence (stool and urinary incontinence) was the most common form (n = 32) and this increased from measurement at time point 1 to time point 2 by six cases. The median duration of incontinence increased to three nocturnal episodes at time point 2. All participants had cognitive impairment, with an MMSE score <27 and GDS ≥ 3, which corresponds to at least mild cognitive impairment.
The nurses carrying out the proxy ratings had a median age of 48 years. Their work experience broadly ranged from 1 to 30 years. The median caregiver working hours were 38.5 h per week. Using a five-point scale to rate their workload with respect to resident care, a median of 3 (moderate level) was reported.
Internal Construct Validity
Factor Analyses
Several factor analyses for categorical variables using a weighted least squares estimator and oblique rotation criterion (geomin) were applied for the ICIQ-Cog-P. To find the smallest number of interpretable factors different models were compared, with a three-factor solution chosen to better describe the data than a two-factor solution (chisquared = 19.057, df = 9; P = 0.02). The fit of this model was very good (chi-squared = 35.17, df = 33; P = 0.36; comparative fit index/Tucker-Lewis-Index = 99/99; root mean square error of approximation [RMSEA] = 0.03, CI: 0.00-0.10]). The first and the third factor, however, each consisted of only two items. The first factor reflected the ability to communicate (non-)verbally the upcoming of an incontinence episode and to give feedback about the incontinence care afterwards. The second and main factor consisted of seven items reflecting symptom-related behaviour as indicators of the impact of incontinence in daily life (emotional function, urinary symptoms [frequency], sleep, mobility, drinking/eating behaviour). All items showed significant and sizable loadings (range = 0.48-0.91). The third factor consisted of two items that reflected stress-specific reactions to the intimate care ('anger/disgust' or inappropriate verbal/physical replies to the caregiver during or after an incontinence episode).
There were some results that require consideration for future revision of the questionnaire: (i) item 1 displayed a low and non-significant loading; and (ii) two items showed double loadings: item 4 'avoiding of drinking/eating' loaded on the second factor (0.64) as well as on the first factor (0.54). This item could be eliminated or reworded in the new version. The item 11 'positive reaction to incontinence care' loaded predominately on the first factor (0.56) and on the second factor (0.40), too. We recommended the elimination of this item, because it also showed low discrimination (r it = 0.29); that is, this item sparsely served to discriminate between residents with higher and lower levels of disease-related bother.
The extracted three factors of the ICIQ-Cog-P correlated with each other. In particular, the main factor displaying symptom-related bother correlated significantly with both the third factor (0.40) and the first factor (0.26).
The ICIQ-Cog-C items fitted a one-factor-model (chi-squared = 4.4, df = 5; P > 0.05, comparative fit index/Tucker-LewisIndex = 1/1.05, RMSEA = 0.0, standardized root mean square residual = 0.06). Item 1 'the person`s continence status affects the daily care I provide' did not load significantly on this factor.
Item Response Theory Analyses
A Rasch analysis using the partial credit model was applied for the ICIQ-Cog-P to confirm its dimensionality as the extracted subfactors were significantly related to each other. The 12-item of the ICIQ-Cog-P displayed disordered thresholds, a finding which corresponds to an inconsistent use of response options. The most common way to deal with this problem is to collapse the response categories. After this, the overall fit to the model was improved (chisquared = 33, df = 24; P = 0.10), indicating the invariance of the item hierarchical ordering. The overall mean (SD) item fit residual of À0.14 (0.87) and the mean person fit residual of À0.20 (0.88) also satisfied the Rasch assumptions. The reliability was good (PSI = 0.71), indicating the ability of the scale to differentiate between two groups of patients. The unidimensionality of the scale was supported by the individual t-test showing 1.67% of tests as significant. The mean person location of À1.166 was less than the average of the items, indicating that the majority of the patients were rated to be less impaired than the average level of symptom- related behaviours of the scale; however, the distribution of thresholds was wide enough to retain the ability to discriminate the respondents statistically. The test information curve showed that the items of the scale measure precisely at the most in mild impairment levels (Fig. 1) .
Reliability
Consistency
The internal consistency for the total ICIQ-Cog-P score was good (a = 0.82). The main factor 2 displayed similarly high internal consistency (a = 0.80), whereas the first and third factor observed a satisfactory internal consistency: a = 0.69 and a = 0.70, respectively.
The four-item ICIQ-Cog-C was found to have a satisfactory reliability of a = 0.69. The item analysis showed that eliminating item 1, which observed the lowest item discrimination would enhance the reliability to a = 0.77.
Retest
The 12-item ICIQ-Cog-P was found to have a satisfactory retest (4-week) correlation (Spearman's r = 0.71) indicating that in a period of 4 weeks the disease-related bother was quite stable. The four-item ICIQ-Cog-C had good retest reliability (Spearman's r = 0 .83), indicating that the level of the nurses' efforts with respect to the special needs of the cognitively impaired resident group remained stable over the time (Tables 2 and 3) .
External Validity
As expected, high significant positive associations were observed between both ICIQ-Cog measures and the severity of incontinence operationalized by the frequency of episodes of incontinence. The highest frequency of nocturnal episodes of incontinence was related to the total ICIQ-Cog-P score, r = 0.66 (P < 0.01). The work experience of the nurses (in years) was significantly negatively associated with ICIQ-Cog-P score, r = À0.44 (P < 0.01) and to the ICIQ-Cog-C score, r = À0.65 (P < 0.01), indicating that experienced nurses tended to rate the disease burden of the patients and the level of their care efforts lower than less experienced nurses. The perceived workload and the percentage of the incontinence care from the perspective of the nurses were positively associated with the ICIQ-Cog-C score, r = 0.36, (P < 0.01) and r = 0.44 (P < 0.01), respectively.
The ICIQ-Cog-P showed a weak insignificant association with both subscores of the SF-12 physical health score r = À0.23 (nonsignificant) and mental health score, r = À0.20 (nonsignificant). The AAPI was also poorly correlated with ICIQ-Cog-P, r = 0.07 (nonsignificant). The ICIQ-Cog-C showed a statistically insignificant association with the SF-12 physical health score, r = À0.01, (nonsignificant), but a significant association with the SF-12 mental health score, r = À0.44 (P < 0.01).
Discussion
The objectives of the present study were to: outline the development of a new ICIQ assessment tool consisting of two scales, ICIQ-Cog-P and ICIQ-Cog-C; to evaluate their psychometric properties; and to provide results of a preliminary validation of these scales.
While the impact of incontinence on health and QoL has been extensively reported in the literature, issues related to the specific needs of people with incontinence and cognitive impairment have seldom been systematically examined. The new ICIQ assessment tool is designed to assess the care needs of older people with incontinence and cognitive impairment who are unable to report on their own health state (ICIQCog-P), as well as the magnitude of care efforts required specifically for this patient group (ICIQ-Cog-C), from the perspective of caregiver. The ICIQ-Cog scale has been carefully developed over several years in order to provide a psychometrically sound measure of the health and care needs of cognitively impaired people with incontinence. Embedded in the ICF framework, the ICIQ-Cog-P includes six items that assess aspects of bodily functions (frequency of incontinence, disease-associated sensations, sleep and emotional functions), and six items that assess activity and participation limitations (general tasks and demands, mobility, [non]-verbal The statistical analyses indicate the development of a welldesigned assessment tool with good psychometric properties. By using a combination of classic methods including exploratory and confirmatory factor analyses and modern item response theory analysis using a Rasch model, the internal construct validity was explored. Classic factor analyses on the ICIQ-Cog-P favoured a three-factor-solution, with one item showing no significant loading ('bothersome through incontinence') and two items displaying crossloadings ('avoidance of drinking' and 'negative reaction on care management'). Two of the three factors consisted of two items, respectively. All extracted factors were significantly interrelated. For this reason we hypothesized an underlying unidimensional construct, which has been verified using a Rasch model. The data better fitted the Rasch model after collapsing of response categories. This modification is common for polytomous scales; however, it would indicate the need to reconsider the category structure if further studies encounter the same problem. The evidence of unidimensionality allows the calculation of an overall score in addition to the factor subscores. The ICIQ-Cog-C fitted a one-factor model.
The reliability of ICIQ-Cog-P was good. The overall sum score and the eight-item subfactor score had good internal consistency. The other two subfactors had satisfactory consistency; their reliability was better, as would be expected for two-item scales. The test-retest reliability measured over 4 weeks, was satisfactory. The ICIQ-Cog-C, measuring the level of care resources, was also stable over this time. Internal consistency was satisfactory; however, eliminating one item ('The persons continence status affects the daily care I provide'), which showed an insignificant loading, would enhance the reliability of the remaining three items to a good level.
Preliminary results provide evidence for good convergent validity. Both ICIQ-Cog measures showed moderate associations with clinical criteria, such as severity of incontinence indexed to frequency of incontinence episodes. This is a very encouraging result: it indicates the potential use of the ICIQ-Cog to guide clinical practice based on its clinometric properties [7] . The divergent validity of the ICIQCog-P scale was indicated by weak correlations with the generic instrument the SF-12. The ICIQ-Cog-P scale seems therefore to cover disease-specific aspects of health which are disjunctive from the general health state and mental conditions, measured by the SF-12. The correlation between the ICIQ-Cog-P scale and the activity limitations scale, the AAPI, was unexpectedly low. The applicability of the AAPI, containing as it does items that are largely irrelevant to frail older cognitively impaired persons (e.g. 'climbing a hill/ walking on a bridge', 'walking up a stair over three floors', 'carrying light objects [e.g. shopping bag] over a long distance') may be responsible for this. The ICIQ-Cog-P scale contains more relevant items, reflecting other aspects of activities, such as social communication, speaking, eating, or handling stress.
The ICIQ-Cog-C was poorly correlated to the SF-12 'physical health' scale and showed a moderate negative correlation to the SF-12 'mental health' scale. This result suggests that care efforts are significantly increased in the presence of impairments in mental health; however, care resources seem to vary independently from the physical health conditions in this group. It is likely that the high homogeneity in this patient group with respect to the severity of the physical functioning limitation is responsible for this low correlation.
We expect the ICI-Cog to have clinical utility in assessing the effectiveness of treatment interventions comparing the outcomes of bothersomeness and QoL, in assessing the impact of the use of different products and care regimens to achieve social continence, and in the provision of standardized information for care planning. Given that workload for caregivers, especially with regard to people with a dementia diagnosis, is increasing, additional methods to evaluate burden on patient and caregiver are warranted.
We constructed a disease-specific measure as this measurement approach showed greater discriminant validity than generic QoL measures in distinguishing between severity levels in studies of individual diseases [17, 18] . The preliminary results with regard to validity appear to confirm this finding as the ICIQ-Cog scores were highly significantly correlated with the severity of incontinence; however, some symptoms included in the ICIQ-Cog (e.g. 'agitation', 'mobility restriction') may have multiple underlying causes. A certain amount of knowledge of the resident's habits and behaviours may be required in order to answer some items, particularly if assuming that some characteristic behaviours are attributable to incontinence. Whether the applied diseasespecific measurement approach works in the context of the targeted patient group is a question that is best addressed empirically. Further study of external validity is needed to examine this question carefully; such a study should ideally include a multi-method design in an appropriate multimorbid and cognitively impaired sample.
Although the questionnaire may form the core of assessment scales for older people with cognitive impairment and incontinence, additional assessments of cognition (e.g. Folstein's MMSE [19] ) or function (e.g. the Barthel index) may be required to complement the assessment.
For the future development of the ICIQ-Cog scales, two strategies should be considered: (i) the creation of unidimensional highly reliable shorter versions by eliminating items with cross-loadings or (ii) the construction of both a short and a long version of the ICIQ-Cog-P. The advantage of a long version would be that many aspects of caring would be measured with one instrument.
